Background. Postoperative supraventricular arrhythmias (SVA) are common after pulmonary resection and autonomic imbalance is thought to be one of the triggers. Opioids can increase parasympathetic activity and may balance heightened sympathetic tone after operation. We have examined the effect of postoperative patient-controlled analgesia (PCA) with opioids on postoperative SVA.
Supraventricular arrhythmias (SVA) are common after pulmonary resection, 1 and it is accepted that the development of SVA is associated with a worse outcome, such as higher 30 day mortality, an increased utilization of hospital resources, and a longer hospital stay. 2 -4 Postoperative SVA is multifactorial in origin and associated factors include pre-existing atrial pathology, intraoperative events, and arrhythmia triggers. 5 Autonomic imbalance after operation has been implicated as a possible trigger, 6 7 and is thought to be characterized by increased sympathetic tone and lower vagal tone. 7 8 Opioids can increase parasympathetic activity, 9 and maybe attenuate this imbalance.
We have examined whether postoperative patientcontrolled i.v. analgesia (PCA) with opioids would more effectively reduce postoperative SVA after pulmonary resection compared with patient-controlled epidural analgesia (PCEA) with ropivacaine.
Methods

Patients
The study was approved by the institutional review board, and informed written consent was obtained from each patient. Between June 2006 and July 2007, a total of 70 consecutive patients with primary lung cancer undergoing pulmonary resection in the Department of Thoracic Surgery at Guangzhou General Hospital of Guangzhou Command were evaluated. Exclusion criteria were as follows: history of hypertension, diabetes mellitus, or heart disease; history of chronic tachyarrhythmias; preoperative electrolyte disturbance; elevated liver enzymes (aspartate aminotransferase/alanine aminotransferase); renal failure with creatinine .3 mg dl
21
; and previous or current treatment with radiochemotherapy. Of the 70 patients evaluated, 22 were excluded ( primarily because of the history of hypertension and diabetes mellitus), and 48 patients were enrolled in this study.
Anaesthesia
All patients fasted for 8 h and received no intravascular volume load coming to theatre, where an i.v. fluid bolus of hydroxyethyl starch 6% solution (10 ml kg 21 ) was given. Atropine 0.01 mg kg 21 and phenobarbital sodium 2 mg kg 21 were given i.m. 1 h before anaesthesia. The patients were randomized to one of the two regimens using a random number table. The GA group received general anaesthesia followed by postoperative PCA, and the GEA group received combined general/epidural anaesthesia followed by PCEA. In the GEA group, an epidural catheter was inserted at T4-5 or T5 -6 interspace. After a 3 ml test dose of lidocaine 2%, ropivacaine 0.2% was given in divided doses to achieve a sensory block to pinprick from T2 to T4 or wider. During the operation, ropivacaine 0.2% (5 ml) was given every 60 min.
Intraoperative monitoring included ECG, pulse oximetry, capnography, and non-invasive arterial pressure. In both groups, anaesthesia was induced i.v. with midazolam 0.05 mg kg
21
, fentanyl 2 mg kg
, and propofol 1 -2 ml kg
; tracheal intubation with a double-lumen tracheal tube was facilitated with vecuronium 0.1 mg kg
. Anaesthesia was maintained with propofol (4 -6 mg kg 21 h
) and remifentanil (0.1 -0.3 mg kg 21 min
). The lungs were ventilated mechanically with tidal volume 8 -10 ml kg 21 and ventilatory frequency 12-16 bpm to achieve an end-tidal carbon dioxide tension of 30-40 mm Hg, and pulse oxygen saturation 98%. One-lung ventilation was used to facilitate surgery.
Intraoperatively, Ringer's lactate solution/hydroxyethyl starch 6% was infused at a rate of 5 ml kg 21 h 21 and central venous pressure was maintained between 0 and 10 mm Hg. Blood loss was replaced 1:1 with hydroxyethyl starch 6% or, if haemoglobin was ,9 g 100 ml
, leucocyte poor red blood cells. Any haemodynamic change lasting .1 min was treated. Unless it was caused by hypovolaemia, hypotension, defined as systolic arterial pressure (SAP) ,90 mm Hg, was treated by decreasing the rate of the propofol, remifentanil, or both infusions. If hypotension persisted, i.v. dopamine was given. Hypertension, defined as SAP .160 mm Hg, was treated by increasing the infusion rate of propofol and remifentanil, inhaling isoflurane, or i.v. nitroglycerine.
A postero-lateral thoracotomy through the fifth intercostal space was used for all the patients. At the time of surgery, complete peri-hilar and mediastinal lymph node dissection was performed in all patients for accurate pathological staging. All operations were performed by two surgical groups. The pleural space was drained with a water-seal drainage system.
Postoperative analgesia
After operation, patients were monitored for 1 -4 days in the post-anaesthesia care unit. In the first 48 h after operation, all patients received PCA either i.v. (GA group) or epidurally (GEA group). A mixture of fentanyl 6 mg ml 21 and tramadol 3 mg ml 21 was used in the GA group and ropivacaine 0.125% with fentanyl 2 mg ml 21 in the GEA group. After surgery, the initial rate and bolus volume of the PCA pump were titrated to patient comfort by the attending anaesthetist. Before surgery, all patients had been familiarized with the PCA device and a standard visual analogue scale (VAS) for pain (0, 'no pain', to 10, 'worst pain imaginable'). If the VAS score was more than 4, the pump rate was increased by one-third and a bolus of 3-5 ml was given. If the score remained high, meperidine 50 mg i.m. was given. Pain scores were recorded at 6, 10, 24, 30, and 48 h after surgery. The pain scores record and adjustments to the PCA were performed by one of the authors blind to the group allocation.
ECG analysis
Multi-channel 24 h Holter (ambulatory) ECG was recorded for 12 h before operation and 48 h after operation for each patient and transferred for computerized analysis by software (DMS Holter 5.0 Program, USA). The decisions made automatically by the computer were reviewed and reported by an experienced technician blind to group allocation. In this study, SVA include supraventricular ectopic beats (SVEBs), atrial fibrillation (AF), and supraventricular tachycardias (SVT) other than AF. SVEB was defined as beats falling within the normal beat cluster. SVT was defined as three or more sequential SVEBs. AF was defined as an irregular narrow complex tachycardia and no obvious P waves.
Statistical analysis
From a pilot study, we found an incidence of postoperative SVT of 15% in GA and 45% in GEA. To detect a difference with 80% power at a 5% significance level, we estimated that we had to study 20 patients per group.
Quantitative data are expressed as mean (SD) except for VAS scores which are expressed as median and range. Patient characteristics and postoperative medications were compared using a two-sample Student's t-test, x 2 test, or Fisher's exact test where appropriate. The two-sample Student's t-test was used to compare the two groups of patients for VAS scores at each time of the study. A Tukey correction for multiple comparisons was applied for VAS Influence of patient-controlled i.v. analgesia with opioids on SVA scores (n¼5 comparisons). Incidences of arrhythmias were compared between the two groups using x 2 test or Fisher's exact test. P,0.05 was considered statistically significant (SPSS 11.5 for windows).
Results
Forty-eight patients were enrolled and 44 patients completed the study, 22 in the GA group and 22 in the GEA group. Two patients in the GA group were excluded from this study because their pathological diagnosis was not cancer. Two patients in the GEA group did not complete the study, one because of a failed epidural and another patient's Holter recording was missing.
The two groups were similar with respect to patient characteristics and surgical procedures performed (Table 1) . Intraoperative cumulative doses of remifentanil in the GA group were significantly greater in the GEA group Intraoperative arrhythmias occurred in 14 (63.6%) patients in the GEA group compared with 10 (45.5%) in the GA group (P¼0.23). SVEBs (10/14 vs 7/10, P¼1.00) and premature ventricular beats (PVBs) (5/14 vs 5/10, P¼0.68) were the most frequently observed. The intraoperative incidence of SVT was not significantly different between the groups (3/14 vs 2/10, P¼1.00). AF was not observed.
There were no significant differences in VAS between the groups ( Table 2 ). The use of medications after operation that may influence the incidence of arrhythmias was not significantly different between the groups (Table 3) . There was no significant difference in the incidence of postoperative side-effects between the groups.
Almost all patients experienced postoperative arrhythmias, most commonly ectopic beats. The incidence of SVEBs and PVBs was similar in both groups. Fewer patients in the GA group than in GEA had increased frequency of SVBs in the first 2 days after operation (compared with preoperative values) (P¼0.016). There was no change in the frequency of postoperative PVBs. The incidence of SVT in the GA group was significantly lower than in GEA (P¼0.021). In the first 48 h after operation, one patient in the GA group and six patients in GEA experienced AF, but this was not statistically significantly different (P¼0.095) ( Table 4) .
Discussion
This study showed that the incidence of postoperative SVT in the GA group was significantly lower than in GEA. In addition, the frequency of postoperative SVEBs increased in fewer patients in the GA group compared with GEA.
SVA after pulmonary resection is well described; GEA group (n522) GA group (n522) arrhythmias by attenuating the sympathetic tone status with thoracic epidural anaesthesia, but the results are conflicting. 9 10 12 13 Autonomic disturbance after thoracotomy with higher sympathetic tone and reduced vagal tone has been shown. 7 8 14 Therefore, it is reasonable to speculate that relatively high sympathetic tone may not be the major reason for postoperative SVA and attenuation of vagal tone may be more effective in restoring autonomic balance. Our study results support this view.
In agreement with other reports, the incidence of intraoperative arrhythmias was similar between the two groups. 9 10 Ectopic beats were the most frequent and primarily occurred during pulmonary vascular clamping, tying the trachea stump, lung lobe separation, and lymph node clearance, and were not associated with haemodynamic disturbance. Electrophysiological study has shown that pulmonary veins, especially in proximal areas, have tissue with electrical properties which can generate ectopic beats. Intraoperative SVA may result from mechanical or ischaemic damage to this zone. Although the dose of remifentanil used in the GA group was higher, the incidence of intraoperative SVA was not different. Accordingly, we propose that attenuation of autonomic tone has limited influence on intraoperative arrhythmias.
As opioid adverse effects are dose-dependent, 15 we selected a combination of fentanyl and tramadol to reduce doses of single medication and avoid some side-effects.
Oka and colleagues 9 reported that the incidence of postoperative tachyarrhythmia in patients receiving epidural bupivacaine was significantly less than in those receiving epidural morphine, which is the opposite of our findings. However, in their study, patients receiving epidural bupivacaine also received significantly more indomethacin. Inflammation may be one of the mechanisms responsible for postoperative AF, and non-steroidal anti-inflammatory drugs may reduce postoperative SVA. 16 17 Furthermore, tachyarrhythmia in their study was defined as a heart rate of .100 beats min 21 other than sinus tachycardia occurring for .60 min. Accordingly, short-term SVT and AF would have not been detected and analysed. Ahn and colleagues 10 found no statistical difference in the incidence of arrhythmias between patients receiving PCA and those receiving PCEA. However, the exact definition and grouping of arrhythmias analysed were not mentioned. Another study 12 found that the incidence of SVA in patients receiving PCA with opioids significantly increased compared with those receiving PCEA. However, only SVA requiring treatment was recorded and only AF and atrial flutter were involved. In our study, patients receiving PCA with opioids had a significant reduction in the incidence of postoperative SVT and frequency of postoperative SVEBs, which support the hypothesis that frequent atrial ectopy is an initiating factor for postoperative SVT.
There are some limitations to our study. In most other studies, SVA occurred within 3 days after non-cardiac thoracic surgery. As our follow-up time was 48 h, we may have missed some episodes of arrhythmia. However, the highest incidence of SVA occurs during the first two postoperative days (65.7%) with fewer patients developing SVA on the third or subsequent postoperative days (20.1%). 20 Our exclusion criteria mean that our results may not apply to patients with intercurrent illness that might influence perioperative SVA. Our study did not directly measure vagal tone variance, and therefore whether opioids directly alter postoperative SVA variance requires further study. The GEA group patients also received epidural fentanyl, which may interfere with our conclusion. However, the dose of fentanyl used in PCEA was considerably smaller than in the GA group. We did not use local anaesthetic alone in PCEA because of the poorer analgesia effect in the pilot study compared with the combination of local anaesthetic and a small dose of fentanyl.
In conclusion, PCA with opioids can reduce postoperative SVA after pulmonary resection, possibly by a moderate increase in vagal tone and attenuation of autonomic imbalance.
